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0 static edgetrlggered D fllp-fiop with a low power consumption. 

0 A Static, edgetriggered. 0 flip-flop has the second (feedback) inverter of each latch of the flip-flop structure 
formed by four field effect, complementary-by-palr. transistors (MP1. MNi. MP2. MN2), functionally connected in 
series between the supply nodes, A first pair of complementary transistors (MP2. MN2) having a source 
connected to one and the other supply nodes, respectively, have a gate which is connected to the supply node 
of opposite sign as referred to the sign of the supply node to which the respective source Is connected. The 
other pair of complementary transistors (MP1.MN1) Have their drain connected in common to the output node 
(A) of the inverter, a gate connected to the output node of the First (fonvard) inverter (I) of the latch, and a size 
which is essentially smaller than the size of said first pair of complementary transistors (MP2. MN2). 
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FIELD OF THE INVENTION 

The present invention relates to CMOS logic circuits and particularly to static flip-flops of the master- 
slave type, having a low power consumption. 

BACKGROUND OF THE INVENTION 

Flip-flops (FF) are extensively used in counters. Commonly. D type flip-flops (D-FF) are particularly 
useful non-ripple type counters. I.e. in counters wherein a clock signal arrives simultaneously to all the FF 
wS m^e up a counter, notwithstanding the fact that the may also be used for making npple-type 
counters. The power consumption of these counters Is a function of two factors^A first factor 'S «ed to me 
number of switchings while the other factor is Bed to the load capacitance which needs to be ch^-ged and 
discharged by the clock signal for each cycle. If the counter is composed of an n 
made to count up to a^-l it is possible to demonstrate that generally there will be a number 1^. depending 
on the type of ciLt used for making the FF and the technology used for fabricating the device, or which 
n>N the second contribution to power consumption becomes prevaling in respect to the first contnbution (N 
may also t>e equal to zero in some instances). j ■ >• ■ 

In order to reduce power consumption of multibit counters or more generally of FF undergoing relatively 
unfrequent switchings, a reduction of the capacitive load on the clock remains Important, but at the same 
time it is advantageous to make FF which have a low consumption during switchings. 

Commonly, the clock signal does not drive the FF directly, but these are driven by signals wh|ch are 
derived therefrom, often called clock phases f and r. which are derived by the clock signal by means of 
suitable circuits (commonly referred to by the name of "clock dnvers"). u,K»»»-H~-k 
From a logic point of view, the clock phases (f. D or simply the two clock signals, are such that f- clock 
and r = NOTclock. If each signal drives a load C. this will produce an average current comsumption equal 
to l = (C"VddV(T/2).whereTlstheclockperiodandVdd is the supply voltage. 

In turn, also the clock driver circuit will have an intrinsic power consumption which, for the same 
dynamical performance, is practically proportional to the driven load. 

In concluston. by decreasing by a certain factor the capacitive load borne by the clock phases f and f^ 
a proportional reduction of the consumption of the whole counter-plus-driver system is obtained, less a 
constant term which depends from the number of switchings. This latter constant term is inbmately tied to 
the structure used for the FF and represents the sum of two contributions: 

a) during a transition there is a direct current flow from the supply rail and ground because the voltage at 
the input of inverters or of other CMOS logic gates, is such as to make both the complementary MOS 

3S transistors of the CMOS stnicture conducting for a certain interval of Ume; ^ . . 

b) the voltages on the output nodes of the logic gates vary from 0 to Vdd and viceversa and as a 
consequence the input capacitances of the logic gates which are connected to said output nodes mos 
be charged or discharged. This second contribution is generally dominating as compared with the first 

40 *^Fr6fn what has been said hereinabove, it is clear that in order to reduce power consumption, an FF 
must be made with a minimum number of MOS transistors and these must be as small as possible, in 
particular, in a counter there must be the smallest number of transistors driven by the ctock signals f and r 

" Tnterature. many types of FF made with eight, tour or even with only two MOS transistors driven by 
4S the Clock phases are described. However, for various reasons, they do not satisfy the specific requisites for 
their use in a counter. For example they are not static and/or cannot operate at relatively low supply 
voltages. On the other hand, among known static FF of the master-slave type. i.e. made by two lateh-type 
FF (that is by two level-sensitive FF). connected in cascade and enabled by opposite ctock signals as 
Shown in Fig. 1. there is a type which has been developed and used exclos^^ly for obviating to 
metastaoility problems and which Is characterized by possessing a hysteresis. Such a hysteresis fllp-flop 
has only tour MOS transistors driven by the ctock signals as compared with the eight transistors of tne 
more classic master-slave structure of a static FF. as schematically depicted in Fig. i • 

Such a known hysteresis FF. depicted in Fig. 2. has a rather Mgh consumption dunr,g f^te^'ngs and is 
relatively slow (it may be recalled here that. In a counter, the first FF switehes every clock cycle!) In fact 
the inverters IMR and ISR which close the rings IM-IMR and IS-ISR. respectively, (Fig. 2). must be made 
with MOS having a relatively tong channel in order that the tristate input gates of the two latohes may torce 
the output of the respective feedback inverter, (the toop<losing inverter) IMR and ISR, to the appropnate 
iSc "Sue. on the oLr hand, the need to make the second inverters IMR and ISR with MOS transistors 
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having a relatively long channel implies a large capacitive load on the Inputs of the same inverters and this 
causes a high power consumption during the switchings. 

OBJECTIVE AND SUMMARY OF THE INVENTION 

5 

A main objective of the present invention is to provide an Improved Master-Slave type, static flip-flop 
(FF), having a relatively low consumption especially during nonswitching cycles and which is capable of 
functioning also with a relatively low supply voltage. 

This objective is fully accomplished, thus overcoming the limitation of the known structures, by making 

10 the feedback Inverters of the loops of the two latch circuits, I.e. of the master latch and of the slave latch 
which compose the basic FF structure, with four field effect transistors, complementary-by-pair among each 
other of which the two transistors having a source terminal directly connected to either one of the supply 
nodes have a sufficiently large size in order that the input tristate gate of each latch may adequately force 
the appropriate logic value onto the output node of the inverter, i.e. on the input node of the latch, while the 

IS other two transistors, having their respective drains connected in common to the output node of the inverter, 
have essentially a smaller size than said first pair of complementary transistors and may advantageously 
have the minimum size which is permitted by the particular fabrication technology of the Integrated device 
and are driven through a gate terminal by the first inverter of the latch. 

20 BRIEF DESCRIP TION OF THE DRA WINGS 

Figure 1 is the functional block diagram of a classic, static. D-FF. 

Figure 2 is the functional diagram of a hysteresis type, static, D-FF, according to the prior art. 
Figure 3 represents the circuit of a low consumption, static, D-FF. made in accordance with the present 
25 invention. 

Figure 4 shows the structure of a single latch forming the D-FF of Fig. 3. 

Figure 5 shows the complete circuit of a low consumption static D-FF. made in accordance with the 
present invention. 

Figure 6 shows the complete circuit of a hysteresis type static D-FF according to the prior art. 
30 Figures 7 and 8 are portions of a circuit of the invention showing the mechanisms for forcing a certain 
logic level on the Input node of each latch circuit through an input tristate gate. 

Figures 9 and 10 are diagrams showing the voltage of the input node of the first inverter of the latches, 
while raising toward a high logic state and dropping toward low logic state, respectively. 

Figure 11 shows a circuit similar to the one depicted in Fig. 4, wherein respective sizes of MOS 
35 transistors which form the second feedback inverter of the latches are shown. 

The circuits shown In the figures have an exclusively illustrative and nonlimitative purpose. For sake of 
simplicity, all the figures relate to the realization of a D-type static flip-flop, i.e. having a single preset input, 
made in accordance with the invention. Of course, as it is well known to any person skilled in this particular 
field, it is possible to realize a JK-type flip-flop, i.e. having a set and a reset input or also a T-type flip-flop, 
40 having no set or reset inputs, by utilizing the basic structure of a D-type flip-flop and simply "adding" the 
appropriate input logic circuitry. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

45 With reference to Figures 3 and 4, the FF of the invention is of the so-called master-slave type and is 
formed by two substantially identical latch circuits; namely: a master latch and a slave latch, respectively. 
One of the two latches is shown singularly in Fig. 4. The two latches are driven by a pair of phase-opposed 
clock signals: f and V (or Nf or NOT(f)), which drive complementary type MOS transistors, respectively, of 
both latches forming the FF. 

50 In a so-called edge triggered drive configuration of the circuits shown in the figures, the p-channel MOS 
transistors which in the master latch are driven by f, In the slave latch are driven by V and viceversa for the 
n-channel MOS transistors, thus implementing a so-called positive-edge trigger FF. By inverting the clock 
signals a negative-edge trigger FF is obtained. 

When f»0, the master latch reads an Input datum. When f-^1. the input node is decoupled from the 

65 external word because the tristate input gate takes a high impedance state and the datum is maintained 
during the f^l phase because a closed loop exists between ouput node and input node and which is 
implemented by means of the second, four-MOS, "feedback" inverter of the latch. Similarly, when f*=1. the 
slave latch reads an input datum and thereafter maintains it during the f«»0 phase. In such a drive 
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configuration, the FF reproduces the input datum on the positive front of the clock signals (positive edge 
trigger). 

The drains of transistors MP2 and MN2 of the four-transistor "feedback" inverter of each latch of the FF 
(Fig. 4) undergo a certain voltage excursion at every transition because the gate of WIP2 is connected to 
5 ground and the gate of MN2 is connected to Vdd and therefore, there will be a charging and a discharging 
of capacitances upon every transition. However, contrary to what happens in a hysteresis type FF of the 
prior art. as depicted in Fig. 2, for the same sizes of transistors, the electrical charges which are involved 
during transitions are positively and significantly less in the case of the structure of the invention, for the 
following reasons: 

10 1) In the MOS transistors of the feedback inverters IMR and ISR of a static, hysteresis type. D-FF. of the 
prior art (Fig. 2). both the gate voltage as well as the drain voltage vary, while in the MP2 and MN2 MOS 
transistors of the structure of the invention (Fig. 4), only the drain voltage is subject to variations, as 
already pointed out before. Notwithstanding the fact that the power consumption associated with the 
excursions of the drain voltage of transistors MP2 and WIN2 must be added the consumption due to the 

75 voltage variations across the terminals of the MP1 and MN2 transistors, these consumptions are 
relatively small because the latter transistors in the circuit of the present invention may have advanta- 
geously the minimum size, as permitted by the fabrication process. 

2) In a circuit of the prior art (Fig. 2), the voltage excursions on the gate of the MOS transistors of the 
feedback inverters IMR and ISR, have an amplitude equal to the supply voltage, by contrast, the drains 

20 of transistors MP2 and MN2 of the equivalent inverters, in the circuit of the invention (Fig. 4), have a 
voltage swing which is about equal to Vdd-Vs, where Vs is the threshold of the first inverter I. In fact, by 
supposing that the logic value stored on the output node of the inverter I (Fig. 4) be zero, on the input 
(node A) of the same inverter i and therefore on the output node (node A) of the second four-MOS 
feedback inverter, there will be a logic state 1, i.e. a voltage equal to Vdd, Moreover, by supposing that 

25 the datum present on the input node of the input tristate gate (which is an inverting gate) be equal to 1. 
when the tristate gate becomes conducting, it will force the output of the four-MOS feedback inverter 
(node A) to a logic 0 state. Therefore the voltage on the input node (node A) of the first inverter I. by 
passing from Vdd to OV. will cross the inversion threshold Vs. At that moment, the output of the first 
inverter I will switch from 0 to Vdd (obviously with a certain delay) and there-fore MP1 will stop 

30 conducting while MN1 will start conducting. Therefore, the drain of MP2 will never reach the ground 
voltage (OV) and during the opposite transition, the drain of MN2 will never reach the supply voltage 
(Vdd). Indeed, a more precise calculation should also consider the drain-source voltage drops across 
transistors MP1 and MN1, however these transistors have a relatively small size and therefore these 
voltage drops are relatively small and quite negligeable. What is important instead, because it brings to 

35 an increase of the drain voltage swings of MP2 and MN2, is the delay intercurring between the passage 
of the input (node A) of the first inverter I through the threshold value Vs and the consequent switching 
of the output node. However, as it will be evident, such a delay is minimized because the inverter I 
drives exclusively MOS transistors having a minimum size (MP1 and MN1). 

Therefore, beside a low power consumption, the FF made in accordance with the invention is also 
40 relatively fast, by virtue of the relatively small intrinsic load which the first Inverter I of each latch circuit 
forming the FF. must drive. The fact that the circuit possesses hysteresis represents a further intrinsic 
advantage which adds to the advantages mentioned above because the circuit exhibits an enhanced noise 
rejection ability. 

A preferred embodiment of a D-type, flip-flop having a low consumption, made in accordance with the 
45 present invention, is depicted in more detail in Fig. 5. For facilitating an immediate comparison, a complete 
circuit of a D-type. hysteresis flip-flop made according to the prior art is depicted in Fig. 6. 

DIMENSIONING OF THE PULL-UPs AND OF THE PULL-DOWNs IN A LOW CONSUMPTION FF OF THE 
INVENTION 

50 

In a low power consumption FF, as depicted In Figures 3 and 4, in order to store a datum it is 
necessary to force a voltage on the node A such as to overcome the threshold voltage Vs of the inverter I. 
By supposing for example that on the output of the latch whose functional structure is reproduced again in 
Fig. 11. a "logic 1" be stored, on the node A there will be a logic "0". If D=0. when the input tristate gate 
55 becomes conducting (i.e. for f— 1), such a stored datum must be transferred to the output and therefore on 
the node A there will be a logic "1". This may only happen if Va is forced from zero to Vs+r (where r>0) , 
because in such a case the pull-down transistor MN2 is disconnected as a consequence of the switching off 
of the transistor MN1, caused by the switching of the inverter. 
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A logic "1" is stored through an identical mechanisnn, with the only variation that in such a case, the Va 
must be forced from Vdd to Vs-r (where r>0) and the transistor which is disconnected is the pull-up 
transistor MP2. 

These two voltage-forcing mechanisms are put In evidence in Figures 7 and 8. respectively. The 
operating conditions as referred to said figures are the following: 

Va>Vs (Flg.7)VA<Vs (Fig. 8) 



In modern fabrication processes, when Implementing an inverter with MOS transistors having the 
10 minimum size as possible, a threshold voltage Vs comprised between 1/3 Vdd and 2/3 Vdd Is normally 
obtained. Therefore. In order to be certain that the above-noted conditions be satisfied. It Is necessary that 
VA>2/3Vdd (Fig. 7) and VA<l/3Vdd (Fig. 8). 

On the other hand, by driving the gates of the MPD-MPF and MND-MNF MOS transistors of the Input 
tristate gate, according to the respective configurations of Figures 7 and 8, with voltage step signals, the 
15 characteristic curves representing the value of Va versus time as depicted in Figures 9 and 10 are 
obtained. As may be observed, the final values are reached gradually by Va. Therefore, in order to have a 
margin of safety versus a process-spread of parameters, as well as to have a relatively short response time 
of the FF, It Is advatageous that these final values be well distinct from the threshold voltage Vs. In order to 
achieve this, the MOS, MN2 and MB2 should be made sufficiently large (though without exceeding in 
20 enlarging them because then consumption would tend to increase). A good compromise which has been 
found is to make MS2 about fifteen times longer than a p-channel MOS having the minumum dimensions 
for the fabrication process used and the MP2 transistor about three times longer than an n-channel 
transistor having the minimum length permitted by the process (i.e. assuming that the channel width be In 
all cases the minimum allowed by the fabrication process and equal for both p-MOS and n-MOS). 

In the circuit diagram of Fig. 11, such a preferred relative dimensioning is indicated by showing the 
relative dimensions of the MOS transistors In a normalized form In respect to the minimum dimensions 
permitted by the fabrication process which are assumed equal both for n-MOS and for p-MOS: the first 
number Indicating the channel's width (w) identical for all transistors and the second number (following a 
dash, sign) indicating the channel's length (I). 

The remarkable difference between the lengths of MN2 and of MP2 is due to the fact that the mobility 
of vacancies is notably about half that of electrons. By considering that all the transistors must advanta- 
geously have the minimum size, with the exception of MN2 and MP2, and that, any other condition being 
the same, an n-MOS transistor will "conduct" about twice a p-MOS transistor (because of the different 
mobilities of the carriers), a particulariy preferred dimensioning of the two transistors may be defined as 
35 follows: 
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30 



Imn2 - 15 • Ip-Mos min and Imp2 = 3 * Ir-mos mm 

More generally, for an "ad hoc" design, the dimensions of MN2 and of MP2 could vary between the 
40 following limits: 

Imn2 = from 0 to 30 times Ip-Mos min 
Imp2 = from 2 to 15 times In-Mosmin 

45 This approximate estimate has produced remarkably effective results in practical embodiments of the 
Invention, According to such practical embodiments of the circuit of the invention, the recorded perfor- 
mances have been as follows: 
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minimum supply voltage 

average consumption for a 23 stage counter, counting 
up to 2^3-1 , Including a clock driver (Vdd = 5.5V) 
clock frequency 32768Hz with fronts of 2m.s) 
maximum clock frequency 



1.2 V and in any case always less then the 
sum of the two threshold values (IVtpi + Vtn); 
< 0.7 uA 



> 50 MHz 



Of course the improved circuit of the instant invention may be utilized for implementing a flip-flop of any 
spefically desired type based upon the D-type flip-flop. e.g. a JK, T, T with Reset, T with Preset, T with 
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Preset and Reset, E (Enable), flip-flops and alike. Moreover, the technique of Implementing synchronous 
combinatory networks, wherein a master and a slave latch constituting the functional structure of a flip-flop 
are actually "separated" and disposed one at the input and the other at the output of the combinatory 
network, is well known to a skilled technician. A similar structure would in any case implement a D-FF and 
5 also in this case the two latches which compose the functional flip-flop circuit, though separated by a 
number of other gates, may be realized in accordance with the present invention in order to reduce power 
consumption and also such an embodiment is intended to be within the spirit of the invention and the scope 
of the accompanying claims. 

10 Claims 

1. A flip-flop comprising a master latch and a slave latch driven by a pair of phase-opposed clock signals, 
each latch comprising essentially an Input tristate gate and a first and a second inverter connected into 
a loop and wherein said second feedback inverter of both latches is formed by four field effect 
16 complementary-by-pair transistors, functionally connected in series between the supply nodes of the 
circuit, characterized by the fact that 

a first pair of complementary transistors of said second four-transistor inverter of both latches have 
a source connected, respectively, to a supply node and a gate connected, respectively, to the other 
supply node; 

20 the other pair of complementary transistors of said four-transistor second inverter of said two 

latches have a drain connected to an output node of said second inverter, a gate connected to an 
output node of said first inverter of the respective latch and a size which Is essentially smaller than the 
size of said first pair of complementary transistors. 

25 2. A flip-flop as defined in claim 1 , wherein said first pair of complementary transistors having a source 
connected to a supply node have a size which is sufficiently large for permitting to said input tristate 
gate to force a certain logic state on the output node of said second inverter. 

3. A flip-flop as defined in claim 1, wherein said first inverter of each latch is formed by two complemen- 
30 tary field effect transistors. 

4. A flip-flop as defined in claim 1. wherein all the transistors which compose it have a minimum size as 
permitted by the fabrication process of the integrated device except said first pair of complementary 
transistors; a p-channel, pull-up, transistor of said pair has a source connected to a positive supply 

35 node and a gate connected to ground and a size which is comprised between 2 and 15 times the 
minimum size of an n-channel transistor of the integrated circuit and an n-channel, pull-down, transistor 
of said pair has a source connected to ground and a gate connected to said positive supply node and a 
size which is comprised between 10 and 30 times the minimum size of a p-channel transistor of the 
integrated circuit. 

40 

5. A flip-flop as defined in claim 1, characterized by the fact that it is a D-type flip-flop having a single 
preset input node in said master latch. 

6. A flip-flop as defined in claim 1 , characterized by the fact that It Is a JK-type flip-flop having a first 
45 preset Input terminal and a second reset input terminal. 

7. A flip-flop as defined in claim 1, characterized by the fact that it is a T-type flip-flop without any preset 
and reset input terminal. 

50 
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